Death receptor 3 (DR3), a member of the TNF receptor (TNFR) superfamily, is induced in human renal tubular epithelial cells (TEC) in response to injury. This study examined the expression and actions of TL1A, the principal ligand for DR3. In histologically normal tissue from biopsy or nephrectomy specimens of renal allografts, TL1A mRNA and protein were expressed in vascular endothelial cells but not in TEC. In specimens of acute or antibody-mediated allograft rejection, vascular endothelial cells and infiltrating leukocytes expressed increased TL1A mRNA and protein, but TEC expressed TL1A protein without mRNA, consistent with uptake of exogenous ligand. Addition of TL1A to organ cultures of human or mouse kidney caused activation of NF-B, expression of TNFR2, activation of caspase-3, and apoptosis in TEC. Inhibition of NF-B activation increased TL1A-mediated caspase-3 activation and apoptosis of TEC, but it did not reduce the induction of TNFR2. In organ culture of DR3-deficient mouse kidneys, addition of TL1A induced TNFR2 but did not activate NF-B and did not increase apoptosis of TEC. These data suggest that TL1A may contribute to renal inflammation and injury through DR3-mediated activation of NF-B and caspase-3, respectively, but that an unidentified receptor may mediate the NF-B-independent induction of TNFR2 in TEC.
Death receptors (DR), a subfamily of the TNF receptor (TNFR) superfamily, play an important role in cell proliferation, differentiation, and survival. [1] [2] [3] DR are defined by the presence of an intracellular death domain (DD) that can bind adaptor proteins, which also contain a DD, initiating cellular responses. 4 DR3 (also designated as TNFR superfamily member TNFRSF25) interacts with silencer of DD in unstimulated cells. 5 Upon ligand binding to DR3, silencer of DD is displaced by TNFR-associated DD protein (TRADD). The DR-TRADD complex initially recruits TNFR-associated factor-2 and receptor-interacting protein, forming a signalosome that initiates both stress-activated protein kinase activation and NF-B activation. 4 At later times, TRADD can recruit Fas-associated DD protein, forming a distinct complex that can promote the autocatalytic activation of caspase 8, which, if unopposed by NF-B-induced inhibitors, leads to caspase-3 activation and apoptotic cell death.
DR3 expression was initially reported to be restricted to lymphocytes, 4,6,7 but we recently demon-strated inducible DR3 expression in both vascular endothelial cells (VEC) and tubular epithelial cells (TEC) in human renal allografts displaying either acute cellular rejection (ACR) or ischemic injury. 5 The functions mediated by DR3 signaling in renal cells are unknown.
TL1A (also designated as TNFSF15) has been identified as the principal ligand for DR3. 8 TL1A mRNA transcripts have been detected in various human tissues including kidney, 8 and its expression is upregulated in T cells and macrophages in intestinal lamina propria of inflammatory bowel disease specimens in Crohn disease. 9, 10 In this study, we explored the hypothesis that TL1A may contribute to renal tubular injury. We examined TL1A expression in nephrectomy specimens and allograft biopsies interpreted as normal human kidney or undergoing ACR or antibody-mediated rejection. We also examined the function of TL1A in a kidney organ culture model using human tissue or tissue from wild-type (WT) and DR3 null (Ϫ/Ϫ) mice. Our findings suggest a complex role for TL1A and existence of an additional unidentified receptor for TL1A signaling.
RESULTS

TL1A mRNA and Protein Expression in Normal Human Kidney and Rejecting Allografts
Having previously observed upregulation of DR3 on TEC in renal transplants with ACR or ischemic injury, 5 we investigated expression of TL1A mRNA and protein in nephrectomy specimens and human allograft biopsies. In histologically normal kidney, TL1A mRNA and protein were constitutively expressed by glomerular and peritubular capillary VEC ( Figure  1A , a and c) but not by TEC ( Figure 1A , d through e). ACR specimens showed increased TL1A mRNA expression in VEC and in infiltrating mononuclear cells (MNC), but TL1A mRNA was still not observed in TEC ( Figure 1B, a) . Nevertheless, TL1A protein was detected in both TEC and VEC ( Figure  1B , b through e). The expression of TL1A protein but not mRNA in TEC suggests that tubular epithelium acquires TL1A protein secreted by other cells, such as endothelium and MNC, possibly via binding to DR3, which is upregulated in TEC during ACR. 5 In specimens with antibody-mediated rejection, TL1A was found in TEC, MNC infiltrate, and VEC, where it co-stains with anti-von Willebrand factor (anti-vWF; Figure 2 , A through C). TL1A co-stained with DR3 predominantly in TEC and in MNC infiltrate (arrowheads; Figure 2 , D through F). These specimens also showed punctuate staining for TNFR2 in TEC, some VEC, and MNC infiltrate, where it colocalized with DR3-expressing cells (Figure 2 , G through L). In other words, similar changes in TL1A, DR3, and TNFR2 expression are observed in ACR and antibody-mediated rejection.
Despite the presence of detectable TL1A protein in biopsies of kidney allografts with rejection, ELISA failed to detect evidence of TL1A protein in urine of patients with rejection (data not shown). We interpret this as being consistent with efficient uptake of TL1A by TEC, preventing release into the urine. We cannot detect TL1A secretion by cultured human TEC, also measured by ELISA, whereas human umbilical vein epithelial cells (HUVEC) do secrete TL1A basally and at higher levels after treatment with TNF (Supplementary Figure 1) . These data are consistent with our findings that renal VEC but not TEC express mRNA for TL1A.
TL1A Effects on TEC in Human Renal Organ Culture
We next analyzed responses of human kidney organ cultures to TL1A, using TNF as a positive control. 11 Unstimulated cultures showed no activation of NF-B, detected with antibody to P-S276-p65 ( Figure 3A ), or expression of TNFR2 ( Figure  3B ) and contained only a few isolated active caspase-3-negative/terminal deoxynucleotidyl transferase-mediated digoxigenin-11-dUTP nick-end labeling (TUNEL)-positive nuclei within the interstitium ( Figure 3C ). In contrast, TL1A-treatment induced abundant NF-B activation in TEC ( Figure 3D ; quantified in Figure 4 , A and B) and to a lesser extent in VEC and resident MNC (P Ͻ 0.01; Figure 4A ). TL1A also induced marked expression of TNFR2 in TEC ( Figure 3E ) and an increased TEC death ( Figure 3F ). Similar changes were detected in TNF-treated cultures (quantified in Figure 4C ).
For assessment of whether increased TNFR2 expression was dependent on NF-B activation, kidney organ cultures were pretreated either with pyrrolidine dithiocarbamate (PDTC) 12, 13 or thalidomide, 14 inhibitors of NF-B activation, before TL1A or TNF treatment. Unstimulated cultures pretreated with PDTC or thalidomide showed no staining for P-S276-p65 or for TNFR2 and minimal TUNEL-positive nuclei ( Figure 4) ; however, although pretreatment with PDTC or thalidomide effectively inhibited TL1A-mediated activation of NF-B (Figure 4 , A and B), it surprisingly did not significantly alter TNFR2 induction on TEC (Figures 3 and 4C) . PDTC or thalidomide also increased the extent of TL1A-induced cell death ( Figures 3 and 4 , D and E), increasing the apoptoticpositive tubular cells from Ͻ100 to 300 (P Ͻ 0.01). The effects of PDTC or thalidomide on TL1A paralleled those seen in cultures treated with TNF (i.e., inhibition of NF-B activation) and increased apoptosis of TEC but had minimal effect on TNFR2 induction ( Figure 4 , B through E, and data not shown). We were unable to investigate TL1A responses further using cultured human TEC because these cells, unlike TEC in situ, 
Role of DR3 in TL1A Responses
To investigate the importance of DR3 in the responses of TL1A in the kidney, we made use of the DR3-null mouse. 15 WT mouse kidney organ cultures incubated in medium alone expressed no P-S276-p65, TNFR2, or active caspase-3/TUNEL ( Figure 5 , A through C). In contrast, TL1A-treated cultures showed strong expression of nuclear P-S276-p65 ( Figure 5D ) and also marked TNFR2 expression in TEC ( Figure 5E ) and increased active caspase-3/TUNEL-positive nuclei predomi- Figure 3 . TL1A responses in human kidney organ cultures. Sections were co-immunostained for P-S276-p65 or TNFR2 or active caspase-3 and TUNEL assay for evidence of cell death. Unstimulated cultures were negative for P-S276-p65 (A) and TNFR2 (B) and for active caspase-3/TUNEL (C). In contrast, TL1A-treated cultures without PDTC showed a strong signal for P-S276-p65 (D) and TNFR2 (E; arrows) and active caspase-3-positive/TUNELnegative nuclei (arrows) in TEC (F). Unstimulated cultures pretreated with PDTC were negative for P-S276-p65 (G), TNFR2 (H), and active caspase-3-positive/TUNEL (I). PDTC-pretreated cultures exposed to TL1A show a diminished expression for P-S276-p65 (J) but a strong signal for TNFR2 (K; arrows) and an even increased active caspase-3/TUNEL-positive nuclei in TEC (L; arrows) compared with cultures not pretreated. Images are from one of five separate experiments with similar results. Magnification, ϫ235.
BASIC RESEARCH www.jasn.org nantly in TEC ( Figure 5F ). With PDTC pretreatment, TL1A-treated cultures showed only rare nuclear P-S276-p65 staining ( Figure 5G ), but TNFR2 ( Figure 5H ) and active caspase-3/ TUNEL-positive nuclei ( Figure 5I ) in TEC were still increased.
DR3 Ϫ/Ϫ mouse kidney organ cultures ( Figure 5 , J through L) showed the same pattern of basal staining as the WT tissue; however, TL1A did not elicit nuclear P-S276-p65 staining (Figure 5M ) or activation of caspase-3/TUNEL ( Figure 5O ), whereas treatment with TNF did (data not shown). Most striking, TNFR2 upregulation was still strongly induced by TL1A in TEC ( Figure 5N ). With PDTC pretreatment, TL1A-treated cultures remained negative for P-S276-p65 ( Figure 5P ) and active caspase-3/TUNEL ( Figure 5R ) yet still became strongly positive for TNFR2 ( Figure 5Q ). Quantitative data for all three parameters obtained from 10 sections chosen at random from three WT and three DR3 Ϫ/Ϫ mice for each condition are shown in Figure 6 . These results suggest that the induction of TNFR2 by TL1A in TEC is independent of NF-B and independent of DR3, the only known receptor for TL1A.
DISCUSSION
The regulated expression of TNFRSF and their ligands in the kidney may modulate the response to renal injury. We previously reported that both DR3 5 and TNFR2 16 are upregulated in renal TEC in ACR and in renal ischemic injury. Like TNFR1, DR3 mediates inflammatory and cell death responses through activation of NF-B and caspase-3, whereas TNFR2, which is not a DR, promotes cell survival and proliferation, responses correlated with phosphorylation of Etk. 11 Here, we investigated the responses to the DR3 ligand TL1A 8 using a kidney organ culture model previously developed by our laboratory. 11 We report several new findings: (1) TL1A is expressed by VEC of glomeruli and microvessels in normal human kidney and synthesis, and expression of TL1A by VEC is elevated in both ACR and antibody-mediated rejection. (2) TEC are negative for both TL1A mRNA and protein in normal kidney but express high levels of TL1A protein-but not mRNA-in ACR and antibody-mediated rejection, leading us to infer that TL1A produced by VEC and/or infiltrating MNC is taken up by TEC in ACR, where high levels of DR3 are induced. 5 In support of this hypothesis, we detected TL1A in the supernatant of cultured HUVEC but were unable to detect TL1A by ELISA in the supernatant of untreated or TNF-treated primary cultures of TEC or by immunoblotting in lysates of cultured TEC (unpublished observations). Furthermore, we were unable to detect TL1A by ELISA in serial samples of urine from patients who underwent renal transplantation, either during periods of normal renal function or renal transplant rejection, consistent with uptake rather than secretion by TEC. (3) . In human and WT mouse kidney organ culture models, TL1A upregulates TNFR2, activates NF-B and caspase-3, and induces apoptotic cell death in TEC. (4) The induction of TNFR2 by TL1A is independent of NF-B because it occurs in the presence of PDTC or thalidomide, agents that block NF-B activation and enhance TL1A-mediated apoptosis. (5) In TL1A-treated cultures from DR3 Ϫ/Ϫ mice, there is no NF-B or caspase-3 activation, showing that these functions are mediated by DR3, whereas TNFR2 upregulation is undiminished in TEC, demonstrating that TL1A-mediated TNFR2 induction does not occur via DR3 but rather through an as-yet-unidentified receptor.
Our experiments suggest that a number of NF-B-dependent genes may be induced in TEC via DR3. We have not analyzed our specimens for specific examples, but these are likely to include both proinflammatory genes and antiapoptotic genes. It is interesting that one gene in the former category may be DR3 itself, which is induced on TEC in response to TL1A and whose induction is blocked by PDTC or thalidomide (R.S.A.-L., unpublished data). There are consensus recognition sequences with 85 to 95% homology for NF-B/cRel binding both upstream (four sites) and downstream (three Figure 5 . TL1A responses in WT and DR3Ϫ/Ϫ mouse kidney organ cultures. Unstimulated cultures from WT mice (without PDTC) are negative for P-S276-p65 (A), TNFR2 (B), and active caspase-3/TUNEL (C). In contrast, TL1A-treated cultures (D through F) show a strong signal for P-S276-p65 in TEC (arrows) and in MNC infiltrate (arrowhead) and a strong signal for TNFR2 (E) and active caspase-3/TUNEL (F) in TEC (arrows). TL1A-treated cultures (pretreated with PDTC) show a diminished expression for P-S276-p65 (G) but a strong signal for TNFR2 (H) and active caspase-3/TUNEL (I) in TEC (arrows). In DR3Ϫ/Ϫ mice (without PDTC), unstimulated cultures are negative for P-S276-p65, TNFR2, and active caspase-3/TUNEL (J through L). TL1A-treated cultures are negative for P-S276-p65 (M) but positive for TNFR2 (N) with a similar pattern of staining as WT animals and are negative for active caspase-3/TUNEL (O). TL1A-treated cultures (pretreated with PDTC; P through R) show similar pattern of staining as cultures without PDTC. Glomeruli (*). Magnification, ϫ253. BASIC RESEARCH www.jasn.org sites) of the genomic human DR3 sequence, consistent with the possibility that the DR3 promoter is regulated by NF-B. Evidence for the induction of antiapoptotic genes is strongly suggested by our observations that treatment with PDTC or thalidomide markedly sensitized TEC to TL1A-induced caspase 3 activation and apoptotic cell death. Previous studies on the signaling mechanisms of death receptors, including TNFR1, DR3, and Fas, revealed that members of the NF-B and caspase family are key determinants of life and death decision-making, with cell fate ultimately determined by a balance between positive and negative regulators. 2, 4, 6 Hence, the effect of PDTC or thalidomide may relate to inhibition of NF-B-induced antiapoptotic factors such as c-FLIP 17, 18 and activation of proapoptotic effectors such as caspases, 8 which are essential for the cell-death machinery.
Although we found reproducible DR3-dependent and -independent effects of TL1A in renal tissue in organ culture, we found little response to TL1A of isolated cultured cells, including human TEC lines (DPK-KTEC-H and HK2), HUVEC, and human embryonic kidney cells (HEK293). It is unclear why in situ responses differ from those of isolated cells, but we found similar differences in responses to TNF. 11 Cell culture may profoundly alter gene expression and behaviors. 19, 20 We believe that organ culture, which preserves in situ cell geometries and although less subject to experimental manipulations, offers a valid and important corrective for experiments with isolated cells and may better reflect what happens in vivo.
We previously reported that TNF can mediate TNFR2 induction in the human kidney organ culture system. 11 In experiments performed as controls for this report, TNF-mediated induction of TNFR2 also seemed to be independent of NF-B in that it was also not inhibited by PDTC or thalidomide. Thus, our PDTC/thalidomide experiments also suggested that there are distinct pathways regulating DR3 and TNFR2 expression on TEC despite the concordant induction in injured kidney. Specifically, whereas TL1A induction of DR3 is NF-B dependent, TNFR2 is regulated through NF-B-independent pathways.
Once induced, DR3, like TNFR1, also seems to mediate renal injury in a caspase-dependent manner 8 as indicated by our data here that increased active caspase-3 expression enhances apoptotic cell death in TEC in TL1A-treated cultures. In contrast, the induction of TNFR2 seems to play a role in tubular repair. 11 Specifically, by use of TNFR subtype-selective muteins, we demonstrated that TNFR2 induces proliferative nuclear cell antigen (a marker for cell proliferation) on TEC. This finding suggests that TNFR2 may provide an important protective signal for TEC proliferation and regeneration in renal injury. More recent observations have confirmed the prediction that renal ischemia/reperfusion injury is ameliorated in TNFR1 Ϫ/Ϫ mice but exacerbated in TNFR2 Ϫ/Ϫ mice (W.M., unpublished observations).
The kidney is not the only organ in which TL1A may contribute to human disease. TL1A/DR3 interactions have been implicated in the pathogenesis of inflammatory bowel disease, in which both TL1A and DR3 mRNA are upregulated in the inflamed intestinal mucosa of murine ileitis. 21 Interaction between TL1A on antigen-presenting cells and DR3 on lymphocytes may exacerbate injury through induction of memory T cell proliferation and IFN-␥ secretion. 10, 21 This has provided a rationale for blockade of the TL1A/DR3 pathway as a potential therapy for Crohn's disease. 22 Our results suggest that blockade of TL1A and blockade of DR3 may not have the same effects.
In summary, TL1A seems to play several roles in renal tubular injury that may be antagonistic to each other and involve distinct receptors. Further elucidation of the pathways underlying these countervailing responses may lead to new therapies that tip the balance from injury to repair.
CONCISE METHODS
Analysis of Tissue from Normal Kidney and Renal Allografts
Experiments using human tissue were performed with informed consent and approval of the local ethical committee and tissue bank. Non-pathologic renal tissue was obtained from allograft biopsies taken immediately after reperfusion of nine renal transplants (time 0 biopsy) or from the uninvolved pole of kidney excised because of renal tumors and from nine renal allograft biopsies with ACR or antibody-mediated rejection. Tissue was either encapsulated in CRYO-M-BED embedding compound (Bright Instrument Co. Ltd., Huntingdon, Cambridgeshire, UK) and snap-frozen in liquid nitrogen or briefly fixed by immersion in 4% formaldehyde (BDH Merck Ltd., Poole, Dorset, UK) pH 7.5 for 1.5 h at 4°C and paraffin waxembedded for immunohistochemistry and hematoxylin and eosin staining.
Mouse Kidney
All protocols involving animals were approved by the UK Home Office and the Cambridge University Local Ethical Committee. C57Bl/6 DR3 Ϫ/Ϫ mice were crossed once into a CD1 background, and the F1 heterozygote progeny were crossed to yield WT and DR3Ϫ/Ϫ littermates. Animals were killed, and the kidneys were harvested and processed as described in the previous section.
Kidney Organ Cultures
Duplicate 1-mm 3 fragments of histologically normal kidney and fresh kidney tissue from WT or DR3 Ϫ/Ϫ mice were placed in flat-bottomed 96-well tissue culture plates and immediately immersed in medium M199 containing 10% heat-inactivated FCS and 2 mM Lglutamine. Tissue was incubated either in medium alone or with 0.2 g/ml human recombinant TL1A (R&D Systems, Oxford, UK) or 10 ng/ml human recombinant TNF-␣ (R&D Systems) for 3 h at 37°C. Additional, duplicate samples were either treated with 50 g/ml (or 300 M) PDTC 13 (Merck Biosciences Ltd., Beeston, Nottingham, Nottinghamshire, UK) or 100 M thalidomide 14 (Sigma-Aldrich, Gillingham, Dorset, UK) for 30 min before TL1A or TNF treatment. Half of the harvested tissue was cryoprotected and snap-frozen, and half was processed for paraffin wax embedding and hematoxylin and eosin staining.
In Situ Hybridization
In situ hybridization was carried out as described previously. 5, 11 Cryosections were incubated overnight at 37°C with hybridization solution containing single-stranded antisense DNA oligonucleotide probes 5Јend labeled with digoxigenin specific for TL1A (4.1 g/ml; catgaggagctgggttggctcagggttgctgtctgttaccttggtgatgaccacagtgat; MWG Biotech, Milton Keynes, UK) and then incubated with alkaline-phosphatase-conjugated-sheep anti-digoxigenin antibody (Roche Diagnostics Ltd., Burgess Hill, West Sussex, UK) for 2 h at room temperature and visualized with alkaline-phosphatase substrate (5-brom-4-chloro-3-indoxyly phosphate/nitro blue tetrazolium chloride solution; Sigma-Aldrich). Negative controls included incubation of sections with a sense probe to either DR3 or TL1A.
TL1A or TNFR2 and DR3 Staining of Normal and Rejecting Human Kidney
For detection of TL1A, TNFR2 and DR3 cryosections were permeabilized in methanol at Ϫ20°C for 5 min and rinsed in MilliQ water followed by 0.1 M Tris buffer (pH 7.4) ϩ 0.01% Tween-20 (TBS) before incubation in blocking buffer (10% FCS in TBS). Excess fluid was removed, and sections were incubated overnight at 4°C with 1:50 dilution of mouse anti-hTL1A (IgG 2a ; provided by Human Genome Sciences, Rockville, MD) or mouse anti-hTNFR2 (R&D Systems) and 1:500 dilution of rabbit anti-vWF (Dakocytomation, Ely, Cambridgeshire, UK) or rabbit anti-cytokeratin or rabbit anti-DR3. After rinses in TBS, sections were incubated further in horse anti-mouse FITC and goat anti-rabbit Texas Red (Vector Laboratories, Orton Southgate, Peterborough, UK) at 1:100 dilution for 1 h at room temperature. Sections were rinsed in MilliQ water, mounted in Vectashield Mounting Medium (Vector Laboratories), imaged using Leica laser scanning confocal microscope (Leica Microsystem Ltd., Knowlhill, Milton Keynes, UK), and processed as described previously.
P-S276-p65 or TNFR2 Immunostaining of Human or Mouse Kidney Organ Cultures
Formaldehyde-fixed wax sections of human or mouse kidney organ cultures from WT and DR3Ϫ/Ϫ mice were incubated with 50 g/ml Proteinase-K (Roche Diagnostics) for 8 min at room temperature and endogenous peroxidase-quenched with 3% hydrogen peroxide in absolute methanol for 20 min at room temperature. After blocking with blocking buffer for 20 min, sections were incubated at 4°C overnight with 1:100 dilution of rabbit anti-P-S276-p65 (Cell Signaling Technology, Danvers, MA) or 1:50 dilution of mouse anti-hTNFR2 or goat anti-mouse TNFR2 (R&D Systems) and then with either anti-rabbit or anti-mouse horseradish peroxidase or anti-goat horseradish peroxidase (Vector Laboratories) and visualized using diaminobenzidine (Sigma-Aldrich). For controls, the primary antibody was replaced by either nonimmune serum or isotype-specific antisera. The number of P-S276-p65 on TEC, VEC and MNC, and TNFR2 on TEC was determined by counting 10 representative fields at a magnification of ϫ235 by an observer unaware of the treatment group.
TUNEL and Immunostaining for Active Caspase-3
Apoptotic cells were detected on sections of human or mouse kidney organ cultures by TUNEL assay as described previously 11, 23 followed by immunostaining for cleaved caspase-3 Asp175 antibody (Cell Signaling). Briefly, sections were incubated with FITC-conjugated TUNEL label mixture (Roche Diagnostics Ltd., Manheim, Germany) followed by rabbit anti-cleaved caspase-3 Asp175 antibody (Cell Signaling). Antigen-binding sites were detected using anti-rabbit AlexFluor-conjugated secondary antibody. Approximately 1000 TEC from six different samples of human kidney organ culture from each of the three treatments were counted at a high power (ϫ235) to determine the percentage of TUNEL-positive cells with apoptotic morphology. TUNEL-positive cells within glomeruli were not counted.
Detection of Soluble TL1A by ELISA Cultured human TEC or urine or serum of transplant recipients was screened for detectable levels of soluble TL1A. HUVEC was used as positive control. 12 Cultured human kidney TEC (Dominion Pharmakine, Derio Bizkaia, Spain) or HUVEC (Lonza, Walkerville, MD) were grown in a six-well culture plate until confluent. The cells were either left in culture alone (untreated) or in medium containing 10 ng/ml TNF (R&D Systems) for 24 h. The culture medium was then collected, and cells were tested for presence of soluble TL1A using an ELISA kit (PeproTech, Business Park, Rocky Hill, NJ) according to the manufacturer's instructions. In addition, urine and serum from renal transplant recipients collected either at time of transplantation (times zero biopsy) or at day 1 to 10 after a rejection episode were examined for the presence of secreted TL1A. Briefly, a 96-well ELISA plate was blocked with 3% BSA in PBS (250 l/well) for 2 h at room temperature. The rTL1A standard protein, two-fold serially diluted (starting at 4 ng/ml to 0 in diluent) in 1% BSA in PBS, along with samples of interest were incubated in wells (100 l/well) for 2 h at room temperature or 4°C overnight. Plates were washed three times with wash buffer (PBS ϩ 0.1% BSA ϩ 0.05% Tween 20) . A biotinylated anti-TL1A polyclonal antibody, 0.2 g/ml (100 l/well), was incubated to wells for 2 h at room temperature. After washing three times with wash buffer, 1:2000 dilution (100 l/well) of peroxidaseconjugated streptavidin (Vector Laboratories) was added to wells followed by 1 h incubation at room temperature. Plates were washed three times with wash buffer, and ABTS liquid substrate solution (100 l/well) was added to wells for color development. Plates were read in an ELISA plate reader (Molecular Device, Sunnyvale CA) at 450 nm.
Detection of IB-␣ Degradation or Cleaved Caspase-3 in Human TEC
TEC were grown to confluence in six-well plates and then treated with or without TNF (1 or 10 ng/ml) or TL1A (100 or 1000 ng/ml) for 30 min for detection of IB-␣ degradation or for cleaved caspase-3 activation for 24 h. Cells were then washed with ice-cold PBS twice and lysed in 25 mM Tris base, 135 mM NaCl, 2.6 mM KCl, 1% Nonidet P-40, protein inhibitor mixture, and 1 mM PMSF for 30 min. Samples were centrifuged, and the supernatants were collected and boiled in sample buffer (75 mM Tris/HCl, 10% sucrose, 0.2 mg/ml bromphenol blue, and 2% SDS) for 3 min before analysis by immunoblotting as described previously. 24 Rabbit polyclonal anti-IkB-␣ antibody (Santa Cruz Biotechnology, Santa Cruz, CA) or rabbit polyclonal anti-cleaved caspase-3 (Asp175; Cell Signaling Technology) were used at a dilution of 1:1000 and detected by enhanced chemiluminescence using ECL according to the manufacturer's instructions.
Statistical Analyses
The significance of differences between experimental values was assessed using an unpaired t test or by ANOVA followed by Tukey's Honestly Significantly Different.
